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SPECIFICATION 

RUN-FLAT TIRE SUPPORT MEMBER MANUFACTURING METHOD, 
RUN-FLAT TIRE SUPPORT MEMBER AND PNEUMATIC RUN-FLAT TIRE 

TECHNICAL FIELD 
[0001] 

The present invention relates to a method for producing a run flat tire supporting 
member to be provided inside a tire for allowing a running operation for a considerable 
distance in the state with the internal air pressure is reduced by the puncture, or the like, a run 
flat tire supporting member, and a pneumatic run flat tire. 
BACKGROUND ART 
[0002] 

As a pneumatic tire capable of run flat running, that is, a tire capable of running 
safely for a certain distance even in the case it is punctured so that the tire internal pressure 
becomes OPa (hereinafter it is referred to as a run flat tire), a core type run flat tire with a core 
(supporting member) mounted as a rim portion in the tire air chamber is known (see for 
example the patent article 1). 
[0003] 

The main constituent member of such a core (supporting member) is a ring shaped 
supporting member (shell). According to the production of the supporting member (shell), 
after cutting a metal plate like material by a predetermined length, a bending process into a 
ring like shape is applied and the both end parts in the longitudinal direction are bonded with 
each other so as to provide a cylindrical member, and a process such as a spinning process 
may be applied to the metal cylindrical member. 
[0004] 

Here, since a Jarge load is applied to the supporting member (shell) when run flat 
running, in the case the strength decline is generated due to the characteristic change of a 
welded part and the vicinity of the welded part, strength administration after processing or 
mounting has been troublesome. 

Patent article 1 : tine official gazette of the Japanese Patent Application Laid-Open (JP-A) No. 
10-297226. 

DISCLOSURE OF THE INVENTION 
1 
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Problems that the Invention is to Solve 
[0005] 

In consideration to the above-mentioned facts, an object of the invention is to 
provide a production method for a run flat tire supporting member without a joint, a run flat 
tire supporting member without a joint, and a pneumatic run flat tire comprising the run flat 
tire supporting member. 

Means for Solving the Problems 
[0006] 

A production method for a run flat tire supporting member of the invention according 
to claim 1 is a production method for a run flat tire supporting member capable of supporting 
the load when run flat running comprising; shaping a cylindrical member having a bottom 
part out of a flat plate metal material by deep drawing process, removing an opening part side 
and the bottom part side of the cylindrical member, and curving the cylindrical member into a 
shape comprising a projecting part with the axial direction middle part of the cylindrical 
member projecting to the outside in the radial direction. 
[0007] 

According to the production method for a run flat tire supporting member of the 
invention according to claim 1, a run flat tire supporting member is shaped by shaping a 
cylindrical member having a bottom part out of a flat plate metal material by deep drawing 
process, after removing the opening part side and the bottom part side of the cylindrical 
member, and curving the cylindrical member into a shape comprising a projecting part with 
the axial direction middle part of the cylindrical member projecting to the outside in the radial 
direction. Accordingly, by removing the opening part side and the bottom part side of the 
cylindrical member after the deep drawing process, a cylindrical member without a joint can 
be obtained so that a run flat tire supporting member without a joint can be shaped. 
[0008] 

A production method for a run flat tire supporting member of the invention according 
to claim 2 is a production method for a run flat tire supporting member capable of supporting 
the load when run flat running comprising; shaping a cylindrical member having a bottom 
part out of a flat plate metal material by deep drawing process, curving the cylindrical 
member into a shape comprising a projecting part with the axial direction middle part of the 
cylindrical member projecting to the outside in the radial direction, and removing an opening 
part side and the bottom part side of the cylindrical member curved into a shape comprising 
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the projecting part. 
[0009] 

According to the production method for a run flat tire supporting member of the 
invention according to claim 2, a run flat tire supporting member is shaped by shaping a 
cylindrical member having a bottom part out of a flat plate metal material by deep drawing 
process, curving the cylindrical member into a shape comprising a projecting part with the 
axial direction middle part of the cylindrical member projecting to the outside in the radial 
direction, and removing the opening part side and the bottom part side of the cylindrical 
member curved into a shape comprising the projecting part. Accordingly, by removing the 
opening part side and the bottom part side of the cylindrical member after the deep drawing 
process, a jointless cylindrical member can be obtained so that a jointless run flat tire 
supporting member can be shaped. 
[0010] 

A production method for a run flat tire supporting member of the invention according 
to claim 3 is the production method for a run flat tire supporting member according to claim 1 
or 2, and the curving to shape the cylindrical member further comprising; the cylindrical 
member is inserted into an inner circumferential side of a cylindrical shaping mold having an 
inner circumferential surface comprising a surface shape corresponding to the projecting part, 
filling an inner circumferential side of the cylindrical member with a liquid, pressurizing the 
liquid, and curving the cylindrical member by the liquid pressure to conform to the shaping 
surface. 
[0011] 

According to the production method for a run flat tire supporting member of the 
invention according to claim 3, particularly in the case of using the cylindrical member 
according to claim 2 as the shaping material of the supporting member, that is, by forming the 
projecting part with the axial direction middle part projecting to the outside in the radial 
direction in the cylindrical member by the liquid pressure, leakage of the liquid provided to 
the inner circumferential side of the cylindrical member from the bottom surface side of the 
cylindrical member can be inhibited certainly at the time of pressurizing with a liquid, and 
thus a sealing work for the liquid provided in the cylindrical member or a sealing structure in 
the device for shaping the projecting part in the supporting member can be simplified. 
[0012] 

A production method for a run flat tire supporting member of the invention according 
to claim 4 is the production method for a run flat tire supporting member according to claim 3, 
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and the curving to shape the cylindrical member further comprising; providing the liquid 
sealed in an elastic bag member on the inner circumferential side of the cylindrical member, 
pressurizing the liquid together with the bag member so as to apply the liquid pressure onto 
the cylindrical member via the bag member. 
[0013] 

A production method for a run flat tire supporting member of the invention according 
to claim 5 is the production method for a run flat tire supporting member according to claim 3 
or 4, so as to set the bulge pressure P in a calculation value of formula (1) in the shaping with 
a value selected as a constant K in a range of 1 .5 to 20: 

P = K x S x T ... Formula (1) 
wherein the bulge pressure as the maximum value of the liquid pressure to be applied to the 
cylindrical member by the liquid filled on the inner circumferential side of the cylindrical 
member is P (Kgffmm 2 ), the thickness of the cylindrical member is T (mm), the tensile 
strength of the metal material comprising the cylindrical member is S (Kgf7mm 2 ), and the 
constant for determining the bulge pressure P is K (where K is a positive real number). 
[0014] 

A run flat tire supporting member of the invention according to claim 6 is a run flat 
tire supporting member capable of supporting the load when run flat running comprises a 
projecting part projecting to the outside in the radial direction which is formed by curving an 
axial direction middle part of a jointless cylindrical member. 
[0015] 

According to the run flat tire supporting member of the invention of claim 6, since a 
projecting part projecting to the outside in the radial direction is formed by curving the axial 
direction middle part of a jointless cylindrical member, a run flat tire supporting member 
without a joint can be provided. Therefore, the strength on the circumference of the run flat 
tire supporting member can be even so that unnatural deformation or rupture cannot be 
generated in an ordinary run flat running even without a firm welding required for a run flat 
tire supporting member with a joint. 
[0016] 

A pneumatic run flat tire of the invention according to claim 7 comprises; a tire 
comprising a toroidal carcass spanning between a pair of bead cores, a side rubber layer 
configuring a tire side part and disposed on the outside in a tire axial direction of the carcass 
and a tread rubber layer configuring a tread part and disposed on the outside in a tire radial 
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direction of the carcass, a tire size mounting rim for mounting the tire, and a supporting 
member disposed on the inside of the tire so as to be assembled on the rim together with the 
tire. The run flat tire supporting member is a run flat tire supporting member produced 
according to claim 3. 
[0017] 

According to the pneumatic run flat tire of the invention according to claim 7, at the 
time the internal pressure of the pneumatic tire is lowered, run flat running is enabled by 
supporting the tread part by the supporting member disposed inside the pneumatic tire instead 
of the side rubber layer. When run flat running, the shock from the road surface is transmitted 
to the car body via the tread part, the supporting member and the rim. Accordingly, although 
the load and the vibration are applied to the run flat tire supporting member when run flat 
running, according to the invention, since the jointless run flat tire supporting member is used, 
the strength on the circumference of the run flat tire supporting member can be even so that 
unnatural deformation or rupture cannot be generated in an ordinary run flat running even 
without a firm welding required for a run flat tire supporting member with a joint. 
[0018] 

A production device for a run flat tire supporting member of the invention according 
to claim 8 is a production device for producing a ring shaped run flat tire supporting member 
disposed inside a pneumatic tire so as to be assembled onto a rim together with the pneumatic 
tire comprises; a ring form shaping mold comprising a pressure shaping part, having a surface 
shape corresponding to a radial direction cross sectional shape of the supporting member 
formed on an inner circumferential surface thereof and a hollow part on the inner 
circumferential side of the pressure shaping part for inserting with a metal cylindrical member 
as the shaping material of the supporting member, a bag member made of an elastic and 
stretchable membrane material filled inside with a liquid for inserting into the hollow part on 
an inner circumferential side of the cylindrical member, and a pressurizing part for plastically 
deforming the cylindrical member to conform to the pressure shaping part by applying liquid 
pressure to the cylindrical member via the bag member while expanding the bag member 
towards the outer circumferential side by pressurizing the liquid in the bag member. 
[0019] 

According to the production device for a run flat tire supporting member of the 
invention according to claim 8, since the cylindrical member can be plastically deformed to 
conform to the pressure shaping part in the shaping mold without contacting the liquid with 
the cylindrical member which is the shaping material to the supporting member by filling the 

5 



06- 5-11:20:50 ; TA I YO, NAKAJ I MAANDKATO 



USA SUGHRUE 



;0333556430 



# 18/ 67 



inside of the bag member made of an elastic and stretchable membrane material with a liquid, 
inserting the bag member into the hollow part on the inner circumferential side of the 
cylindrical member, and applying the liquid pressure to the cylindrical member via the bag 
member while expanding the bag member towards the outer circumferential side by 
pressuring the liquid in the bag member with the pressuring part, the work for removing the 
liquid from the supporting member (hydro form shaping) shaped from the cylindrical member 
can be eliminated. 
[0020] 

Moreover, since the liquid is sealed in the bag member in the production device, 
compared with one having a liquid directly filling the inside of the hollow part of the shaping 
mold, since the sealing member for preventing the liquid leakage from the inside of the 
hollow part can be eliminated, the part change accompanied by the deterioration or the sealing 
member can be eliminated. 
[0021] 

Moreover, a production method for a run flat tire supporting member of the invention 
according to claim 9 is a production method for producing a run flat tire supporting member 
using the production device for a run flat tire supporting member according to claim 8, 
comprises; inserting the metal cylindrical member into the hollow part, inserting the bag 
member into the inner circumferential side of the cylindrical member that is in the hollow part, 
pressuring the liquid in the bag member inserted into the hollow part or a liquid filled inside 
the hollow part with the pressurizing part, and plastically deforming the cylindrical member to 
conform to the pressure shaping part by the liquid pressure. 
[0022] 

According to the production method for a run flat tire supporting member of the 
invention according to claim 9, since the cylindrical member can be plastically deformed to 
conform to the pressure shaping part in the shaping mold without contacting the liquid with 
the cylindrical member which is the shaping material for the supporting member, adhesion of 
the liquid to the supporting member shaped from the cylindrical member (hydro form 
shaping) can be completely prevented, and thus generation of the rust or the chemical change 
on the supporting member surface by the influence of the adhered liquid can be prevented. 
[0023] 

Moreover, the production method for a run flat tire supporting member of the 
invention according to claim 10 is a production method for producing a ring shaped run flat 
tire supporting member to be disposed inside a pneumatic tire so as to be assembled onto a 
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rim together with the pneumatic tire comprises; inserting a metal cylindrical member a$ the 
shaping material for the supporting member into a hollow part provided on an inner 
circumferential side of a pressure shaping part in the ring form shaping mold, the pressure 
shaping part configuring a surface shape corresponding to a radial direction cross sectional 
shape of the supporting member and is formed on the inner circumferential side of the ring 
form shaping mold, inserting a bag member made of an elastic and stretchable membrane 
material and filled inside with a liquid into the hollow part on an inner circumferential side of 
the cylindrical member, pressurizing the liquid in the bag member with a pressuring part so as 
to apply the liquid pressure to the cylindrical member via the bag member, plastically 
deforming the cylindrical member to conform to the pressure shaping part, wherein, so as to 
set the bulge pressure P in a calculation value of formula (1) in the shaping with a value 
selected as a constant K in a range of 1 .5 to 20: 

P = K x S x T . . . Formula (1) 
wherein the bulge pressure as the maximum value of the liquid pressure to be applied to the 
cylindrical member by the liquid filled on the inner circumferential side of the cylindrical 
member is P (Kgf7mm 2 ), the thickness of the cylindrical member is T (mm), the tensile 
strength of the metal material comprising the cylindrical member is S (Kgf/mm 2 ), and the 
constant for determining the bulge pressure P is K (where K is a positive real number). 
[0024] 

According to the production method for a run flat tire supporting member of the 
invention according to claim 10, particularly in the case a high strength metal material such as 
a high tension steel, a stainless steel and a ultra high tension steel is used as the material for 
the cylindrical member, by controlling the bulge pressure P to be applied to the cylindrical 
member to a calculation value of (K * S * T) by the pressuring means, the cylindrical member 
can be plastically deformed accurately to conform to the shape of the pressure shaping part so 
as to stably produce a supporting member having desired size accuracy and mechanical 
performance so that deterioration of the mechanical characteristics due to generation of the 
excessive distortion of the supporting member can be prevented. 
[0025] 

Since the cylindrical member can be plastically deformed to conform to the pressure 
shaping part in the shaping mold without contacting the liquid with the cylindrical member, 
adhesion of the liquid to the supporting member shaped from the cylindrical member (hydro 
form shaping) can be completely prevented, and thus generation of the rust or the chemical 
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change on the supporting member surface by the influence of the adhered liquid can be 

prevented. 

[0026] 

Moreover, since a production device for shaping a supporting member, which has an 
appropriate output for a pressure shaping or the like can be selected accurately, increase of the 
production cost of the supporting member can be restrained effectively without selecting a 
device having an output higher than the required level. 

EFFECTS OF THE INVENTION 

[0027] 

As heretofore explained, according to a production method for a run flat tire 
supporting member of the invention, a run flat tire supporting member and a pneumatic run 
flat tire, a run flat tire supporting member without a joint can be produced so that the excellent 
effect of providing a run flat tire supporting member without a joint and a pneumatic run flat 
tire comprising the run flat tire supporting member can be provided, 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] 

FIG 1 is an end view taken along the tire rotation axis at the time of mounting a rim 
of a pneumatic run flat tire according to a first embodiment of the invention (only the upper 
side portion out of the end face along the tire rotation axis O is shown). 

FIG 2 is a perspective view of the supporting member, taken along the tire rotation 
axis O of FIG 1 according to the embodiment of the invention. 

FIG 3 is a schematic cross sectional view showing deep drawing process with a 
punch and a dice in the production method for a supporting member according to the first 
embodiment of the invention. 

FIG 4 is a perspective view of a cylindrical member shaped by the deep drawing 
process in the production method for a supporting member according to the first embodiment 
of the invention. 

FIGS. 5(A)(B)(C) are diagrams showing the production stages in the production 
method for a supporting member according to the first embodiment of the present invention. 

(A) is a perspective view showing a cylindrical member shaped by the deep drawing process. 

(B) is a perspective view showing a cylindrical member with the opening part side and the 
bottom part side cut off by the cutting process. (C) is a perspective view showing a shell 
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(supporting member) shaped by the curving process. 

FIGS. 6(A)(B) are diagrams showing the configuration of a pressure shaping device 
for producing a shell (supporting member) by the hydro form process in the production 
method for a supporting member according to the first embodiment of the invention. (A) is a 
cross sectional view showing the device state before starting the hydro form process of the 
shell (supporting member). (B) is a cross sectional view showing the device state during the 
hydro form process of the shell (supporting member). 

FIGS. 7(A)(B)(C) are diagrams showing the production stages in the production 
method for a supporting member according to a second embodiment of the invention. (A) is a 
perspective view showing a cylindrical member shaped by the deep drawing process. (C) is a 
perspective view showing a cylindrical member with the opening part side and the bottom 
part side cut off by the cutting process. (B) is a perspective view showing a shell (supporting 
member) shaped by the curving process. 

FIGS. 8(A)(B) are diagrams showing the configuration of a pressure shaping device 
for producing a shell (supporting member) by the hydro form process in the production 
method for a supporting member according to the second embodiment of the invention. (A) is 
a cross sectional view showing the device state before starting the hydro form process of the 
shell (supporting member). (B) is a cross sectional view showing the device state during the 
hydro form process of the shell (supporting member). 

FIG. 9 is a schematic cross sectional view showing deep drawing process with a 
punch and a liquid pressure in the production method for a supporting member according to 
the third embodiment of the invention. 

FIG 10 is a perspective view showing the configuration of a pressure shaping device 
according to the second embodiment of the invention. 

FIGS. 11(A)(B) are cross sectional views showing the configuration of the pressure 
shaping device shown in FIG. 10, each showing the device state of the supporting ring before 
starting the hydro form shaping and during the hydro form shaping. 

FIGS. 12(A)(B) are perspective views showing a supporting ring hydro form shaped 
by a pressure shaping device according to a fourth embodiment of the invention. 

FIGS. 13(A)(B) are diagrams showing the production process for a supporting 
member according to a comparative example. (A) is a perspective view showing a cylindrical 
member obtained by welding the both end parts of a ring shaped material. (B) is a perspective 
view showing a shell (supporting member) shaped from the cylindrical member of FIG 
13(A). 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0029] 

[First embodiment] 

A run flat tire comprising a supporting member according to the first embodiment of 
the invention and the production method for the supporting member will be explained with 
reference to the drawings. 

(Configuration of a run flat tire comprising a supporting member) 

As shown in FIG 1, a run flat tire 10 referred to one comprising a pneumatic tire 14 
and a supporting member 16 assembled onto a common wheel rim 12. 
[0030] 

As shown in FIG 1, the rim 12 for assembling the supporting member 16 is a 
standard rim corresponding to the size of the pneumatic tire 14. The pneumatic tire 14 
according to this embodiment comprises a pair of bead parts 18, a toroidal carcass 20 
elongating across the both bead parts 18, a plurality of (in this embodiment, two) belt layers 
22 disposed on the crown part of the carcass 20, a tread part 24 formed in the upper part of the 
belt layers 22, and a tire side part 25 provided by covering the tire axial direction outer side of 
the carcass 20 with a rubber layer. Although the tire shown in this embodiment has a common 
tire shape, the invention can be adopted for various kinds of the tire shapes. In the figure, "O" 
represents the tire rotation axis, and "CL" represents the center in the tire width direction at 
the tire equatorial plane and is extended as perpendicular to the rotation axis O. 
[0031] 

FIG 2 shows a perspective view in the radial direction half cross section cut out on 
the cross section along the rotation axis O of the supporting member 16 to be used for the run 
flat tire 10. The supporting member 16 to be disposed in the inside of the pneumatic tire 14 
(see FIG 1) formed like a ring as a whole as shown in FIG 2 comprises a shell 26 as a ring 
shaped supporting member and vulcanized rubber leg parts 28 bonded on each of the both end 
parts of the shell 26. 
[0032] 

The leg part 28 provided as an elastic member is ring shaped in the longitudinal 
direction and a substantially rectangular in the cross sectional shape along the rotation axis O 
perpendicular to the longitudinal direction. As shown in FIG 1, the leg parts 28 are assembled 
onto the outer circumference of the rim 12 on the inner side of the pneumatic tire 14 at the 
time of assembling the rim of the supporting member 16 utilizing the rubber elasticity. 

10 
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[0033] 

On the other hand, the shell 26 is formed with a thin plate having the cross sectional 
shape shown in FIG 1 like a ring (ring shaped) as shown in FIG 2. The shell 26 has convex 
parts 26A as projecting parts projecting to the outside in the radial direction, a concave part 
26B projecting toinside in the radial direction formed therebetween, and furthermore, side 
parts 26C for supporting the load to the outside in the width direction of the convex part 26A 
(opposite side to the concave part 26B) formed integrally. A cylindrical flange parts 26D 
elongating substantially in the tire rotation axis direction are formed inside portion in the 
radial direction of the side parts 26C (rim side portion), respectively. 
[0034] 

(Production method for the shell) 

Next, the production method for the shell 26 in the run flat tire 10 provided as 
mentioned above will be explained. 
[0035] 

The shell 26 is formed integrally with a metal material. As the metal material for the 
shell 26, an aluminum based, iron based, magnesium based or titanium based metal material 
can be used. Here, "based 1 * is a concept that the material includes the metal as a base alloy, a 
material produced by plating the metal, a material produced by plating a metal provided the 
metal as the base alloy, or the like in addition to the metal itself. For example, in the case of 
the "iron based", in addition to the iron itself, a carbon steel, and an iron-zinc alloy, 
furthermore, a zinc plated steel plate, a steel plate plated with an iron-zinc alloy, or the like 
are included, 
[0036] 

In the case of using an aluminum based material, from the viewpoint of the strength 
and the shaping property, the aluminum alloys of the alloy number 5,000 series, 6,000 series 
and 7,000 series defined in the JIS are preferable. Moreover, in the case of using a high 
tension steel as the iron based material, from the viewpoint of the shaping property, those 
having a tensile strength of 380 N/mm 2 or less are preferable. 
- Deep drawing process - 

The deep drawing process is a process of shaping a cylindrical member having a 
bottom part out of a flat plate like metal material by the deep drawing process. 
[0037] 

FIG 3 shows the state of forming a cylindrical member having a bottom part by the 
deep drawing process. As shown in FIG. 3, a flat plate like metal plate 30 is used as the metal 
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material. At the time of the deep drawing process, the metal plate 30 is placed on a dice 
surface 32A of a dice 32 as the fixed side mold. In the dice 32, a columnar hole 32B having 
the bottom is formed so as to provide the hole 32B as the female mold. From the centrally 
above the metal plate 30 placed on the dice surface 32A, a punch 34 as the moving side mold 
is pressed down in the arrow A direction, The punch 34 comprises a columnar convex part 
34A so as to provide the convex part 34A as the male mold. A protruding part 34B is formed 
on the upper side of the convex part 34A in the figure. 
[0038] 

By pressing down the punch 34 so as to push the convex part 34A into the hole 32B, 
the metal plate 30 portion initially on the dice surface 32A is drawn cylindrically so as to be 
processed by the deep drawing shaping. When the convex part 34A is pushed to a 
predetermined depth, the convex part 34A is contacted with the bottom surface 32C of the 
hole 32B via the metal plate 30 so that the metal plate 30 becomes a cylindrical member 36 
having the bottom plate part 36B as shown in FIG 4. Since the end part of the metal plate 30 
shown in FIG 3 is clamped between the punch protruding part 34B and the dice surface 32A, 
as shown in FIG. 4, the metal plate 30 becomes a bottomed cylindrical member 36 having a 
flange part 36C on the opening part 36D side. 
[0039] 

Here, the cylindrical part 36A of the cylindrical member 36 shown in FIG 4 is the 
portion with the metal plate 30 drawn cylindrically as shown in FIG 3, and the bottom plate 
part 36B of the cylindrical member 36 shown in FIG 4 is a portion formed by being clamped 
between the punch convex part 34A and the dice bottom surface 32C shown in FIG 3. 
Moreover, the flange part 36C of the cylindrical member 36 shown in FIG. 4 is a portion 
formed by being clamped between the punch protruding part 34B and the dice surface 32A as 
shown in FIG 3. 
[0040] 

As to the deep drawing process shown in FIG 3, a wrinkle pressing member may be 
disposed for pressing the metal plate 30 at a position facing the dice surface 32A via the metal 
plate 30 so as to prevent wrinkle generation at the time of the deep drawing process. 
Moreover, as shown in FIG 3, it is not limited to the case of shaping the cylindrical member 
36 by one drawing process with a pair of the dice 32 and the punch 34 (see FIG 4), and the 
drawing process may be carried out by two or more times (two processes) for shaping a 
desired cylindrical member 36 by the re-drawing process, 
- Cutting process - 
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The cutting process is a process for removing the opening part side and the bottom 
part side of the cylindrical member. 
[0041] 

FIG 5(A) shows the cylindrical member 36 shaped by the deep drawing process. The 
surfaces perpendicular to the central axis D of the cylindrical member 36 on the opening part 
36D side (upper part in the figure) and the bottom plate part 36B side (lower part in the 
figure) of the cylindrical member 36, that is, the surfaces along the dot lines 38, 39 are cut by 
a cutting means such as a laser cutter. Thereby, a thin pipe Jike cylindrical member 36 as 
shown in FIG. 5(B) can be obtained. The cylindrical member 36 has a material structure 
provided integrally continuously over the entire circumference without a joint. 
- Curving process - 

The curving process is a process for curving the cylindrical member into a shape 
comprising a projecting part with the axial direction middle part of the cylindrical member 
projecting to the outside in the radial direction. 
[0042] 

In this process, a shell 26 comprising two convex parts 26A with the axial direction 
middle part projecting to the outside in the radial direction as shown in FIG 5(C) from the 
cylindrical member 36 as shown in FIG 5(B) by a method such as the hydro form process and 
the spatula drawing process (spinning process). 
[0043] 

FIG 6 shows a pressure shaping device 40 for producing the shell 26 by the hydro 
form process. The pressure shaping device 40 is for shaping the shell 26 shown in FIG 5(C) 
with the thin pipe like cylindrical member 36 shown in FIG 5(B) provided as the shaping 
material. 
[0044] 

The pressure shaping device 40 is provided with a thick cylindrical shaping mold 42 
such that the shaping mold 42 comprises a pressure shaping part 42A having the surface shape 
corresponding to the shape of the shell 26 (see FIG 5(C)) in the inner circumferential surface 
formed. The cylindrical member 36 is inserted into the hollow part 44 of the shaping mold 42 
as shown in FIG 6(A) so that the outer circumferential surface of the cylindrical member 36 is 
closely contacted with the inner circumferential surface of the shaping mold 42 (the both side 
parts 42B of the pressure shaping part 42A). 
[0045] 

The pressure shaping device 40 has a fixed base 46 disposed below the shaping mold 
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42 such that a fixed plunger 48 is projected from the upper surface part of the fixed base 46. 
The fixed plunger 48 is fitted on the inner circumferential side of the cylindrical member 36 
in the hollow part 44. A rubber seal ring 50 is mounted on the outer circumferential surface 
top end part of the fixed plunger 48 for sealing the gap with respect to the cylindrical member 
36 inner circumferential surface. Thereby, the opening on the lower part side of the cylindrical 
member 36 can be sealed. In this state, the inside of the hollow part 44 is filled with a liquid L 
such as water and oil. 
[0046] 

Moreover, in the pressure shaping device 40, an elevating base 52 movable along the 
height direction (in the upper and lower direction in the figure) is disposed above the shaping 
mold 42. A pressure plunger 54 is projected from the lower surface part of the elevating base 
52. A rubber seal ring 56 is mounted also on the outer circumferential surface top end part of 
the pressure plunger 54 for sealing the gap with respect to the cylindrical member 36 inner 
circumferential surface. 
[0047] 

At the time of shaping the shell 26 out of the cylindrical member 36 (see FIG 5(C)), 
the elevating base 52 at the waiting position as shown in the FIG 6(A) is lowered so that the 
pressure plunger 54 is inserted into the inner circumferential side of the cylindrical member 
36 in the hollow part 44. Thereby, the upper part side opening of the cylindrical member 36 is 
sealed as well as the liquid L filling the inside of the cylindrical member 36 is compressed so 
as to raise the liquid pressure. The pressure plunger 54 is lowered to the pressure position 
shown in FIG 6(B) so as to pressure the liquid L inside the cylindrical member 36 to a 
predetermined pressure. The cylindrical member 36 with the pressure applied has the axial 
direction middle part deformed plastically to conform to the pressure shaping part 42A so that 
two convex parts 26A, 26A projecting to the outside in the radial direction (outer 
circumferential side) are formed in the axial direction middle part of the cylindrical member 
36. 

[0048] 

On the other hand, in the case of shaping the shell 26 as shown in FIG. 5(C) out of 
the cylindrical member 36 as shown in FIG 5(B) by the spatula drawing process (spinning 
process), with the cylindrical member 36 mounted on the outer circumference of the shaping 
mold mounted on the principal axis of the spatula drawing disc (not shown), the cylindrical 
member 36 is rotated together with the shaping mold for shaping by pressing a spatula onto 
the outer circumference of the cylindrical member 36 by a worker until it is fitted to the 
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surface of the shaping mold. In the shaping mold used for the spatula process, a projecting 
part (in this embodiment, two convex parts) is formed projecting to the outside in the radial 
direction in the axial direction middle part as the shell 26 as the completed product. 
(Function of the shell and the run flat tire) 

Next, the function of the shell 26 produced as mentioned above and the run flat tire 
10 comprising the shell 26 will be explained. 
[0049] 

According to the run flat tire 10 shown in FIG 1, in the case the internal pressure of 
the pneumatic tire 14 is lowered, the running operation is carried out with the tread part 24 of 
the pneumatic tire 14 supported by the convex part 26A of the supporting member 16. At the 
time, the shock from the road surface is transmitted to the car body via the tread part 24, the 
supporting member 16 and the rim 12. Accordingly, the load and the vibration are applied to 
the shell 26 of the supporting member 16 when run flat running, however, in this embodiment, 
since the shell 26 without a joint is used, the strength on the circumference of the shell 26 can 
be even so that unnatural deformation or rupture cannot be generated in an ordinary run flat 
running even without a firm welding required for a shell with a joint. 
[Second embodiment] 

The production method for a supporting member according to the second 
embodiment of the invention will be explained with reference to the drawings. 
[0050] 

(Production method for the shell) 

- Deep drawing process - 

According to the production method for a supporting member according to this 
embodiment, as in the case of the first embodiment, the cylindrical member 36 shown in FIG 
7(A) is shaped by the deep drawing process of the metal plate 30 (see FIG 3). Since the 
shaping method and the shape of the cylindrical member 36 are basically same as in the case 
of the first embodiment, explanation is omitted. 

- Curving process - 

The curving process is a process for shaping a cylindrical member 80 comprising two 
convex parts 26A, 26A by curving two points in the axial direction middle part of the 
cylindrical member 36 so as to be projected to the outer circumference side by the hydro form 
process. 
[0051] 

FIG 8 shows a pressure shaping device 82 for shaping the cylindrical member 36 
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comprising the bottom plate part 36B and the flange part 36C into the cylindrical member 80 
comprising the two convex parts 26A, 26A by the hydro form process. The pressure shaping 
device 82 is for shaping the cylindrical member 80 comprising the two convex parts 26A, 26A 
shown in FIG 7(C) with the cylindrical member 36 comprising the bottom plate part 36B and 
the flange part 36C shown in FIG 7(B) as the shaping material. 
[0052] 

As shown in FIG 8, the pressure shaping device 82 is provided with a thick 
cylindrical shaping mold 84 such that the shaping mold 84 comprises a pressure shaping part 
86 having the surface shape corresponding to the shape of the two convex parts 26A, 26A in 
the inner circumferential surface formed. The cylindrical member 36 comprising the bottom 
plate part 36B and the flange part 36C is inserted into the hollow part 88 of the shaping mold 
84 as shown in FIG 8(A) so that the outer circumferential surface of the cylindrical member 
36 is closely contacted with the inner circumferential surface of the shaping mold 84 (the both 
side parts 90 of the pressure shaping part 86). 
[0053] 

The pressure shaping device 82 has a fixed base 102 disposed below the shaping 
mold 84 such that a fixed plunger 10 is projected from the upper surface part of the fixed base 
102. The fixed plunger 10 has the upper surface part thereof contacted with the bottom 
surface part of the cylindrical member 36 inserted into the hollow part 88. In this state, the 
inside of the cylindrical member 36 is filled with a liquid L such as water and oil. 
[0054] 

In the pressure shaping device 82, an elevating base 94 movable along the height 
direction (in the upper and lower direction in the figure) by a hydraulic cylinder, or the like is 
disposed above the shaping mold 84. A pressure plunger 96 is projected from the lower 
surface part of the elevating base 94. Moreover, a ring like seal pressing member 98 is 
disposed on the outer circumferential side of the pressure plunger 96 in the pressure shaping 
device 82 such that the seal pressing member 98 can be moved along the height direction by a 
hydraulic cylinder, or the like. A rubber seal ring 100 is mounted on the inner circumferential 
surface of the seal pressing member 98 for sealing the gap with respect to the pressure plunger 
96. 

[0055] 

At the time of shaping the cylindrical member 80 comprising the two convex parts 
26A, 26A out of the cylindrical member 36 (see FIG 7(B)), first the seal pressing member 98 
at the waiting position shown in FIG 8(A) is lowered so that the seal pressing member 98 is 
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contacted with pressure with the flange part 36C of the cylindrical member 80 placed on the 
upper surface part 85 of the shaping mold 84. The seal pressing member 98 is pressed against 
the flange part 36C supported by the upper surface part 85 of the shaping mold 84 from below 
with a sufficiently large pressing force. Thereby, leakage of the liquid L from between the 
flange part 36C and the seal pressing member 98 can certainly be prevented. 
[0056] 

Then, the elevating base 94 is lowered so that the pressure plunger 96 is inserted into 
the inner circumferential side of the cylindrical member 36 in the hollow part 88. Thereby, the 
upper part side opening of the cylindrical member 36 is sealed as well as the liquid L filling 
the inside of the cylindrical member 36 is compressed so as to raise the liquid pressure. The 
pressure plunger 96 is lowered to the pressure position shown in FIG 8(B) so as to pressure 
the liquid L inside the cylindrical member 36 to a predetermined pressure. The cylindrical 
member 36 with the pressure applied has the axial direction middle part deformed plastically 
to conform to the pressure shaping part 86 to the outer circumferential side. Thereby, the axial 
direction middle part of the cylindrical member 36 is curved so as to be projected to the outer 
circumferential side so that the cylindrical member 80 comprising two convex parts 26A, 26A 
projecting to the outside in the radial direction (outer circumferential side) can be formed. 
• Cutting process - 

The cutting process is a process for removing the opening part side and the bottom 
part side of the cylindrical member 80 comprising the two convex parts 26 A, 26A. 
[0057] 

The surfaces perpendicular to the central axis D of the cylindrical member 36 on the 
opening part 36D side (upper part in the figure) and the bottom plate part 36B side (lower part 
in the figure) of the cylindrical member 80 shown in FIG 7(B), that is, the surfaces to 
conform to the dot lines 38, 39 are cut by a cutting means such as a laser cutter. Thereby, a 
shell 106 as shown in FIG 7(C) can be produced. The shell 106 has the same shape as the 
shell 26 obtained by the production method according to the first embodiment, 
(Function according to the production method) 

Next, the function of the production method for a supporting member according to 
the second embodiment as mentioned above will be explained. 
[0058] 

According to the production method for a supporting member according to this 
embodiment, like the production method for a supporting member according to the first 
embodiment, a cylindrical member 80 without a joint can be obtained, and the cylindrical 
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member 80 without a joint can be shaped into the shell 106. 
[0059] 

By forming the two convex parts 26A, 26A with the axial direction middle part 
projecting to the outside in the radial direction in the cylindrical member 36 by the hydro 
form process without removing the opening part side and the bottom part side from the 
cylindrical member 36 after the deep drawing process, compared with the production method 
of the first embodiment, since the leakage of the liquid L filled to the inner circumferential 
side of the cylindrical member 36 from the bottom surface side of the cylindrical member 36 
can certainly be inhibited at the time of the hydro form process, the sealing work for the liquid 
L filling the inside of the cylindrical member 36 at the time of the hydro form process and the 
seal structure of the pressure shaping device 82 can be simplified. 
(Third embodiment) 

The third embodiment of the production method for a shell (supporting member) will 
be explained with reference to FIG 9. In the first embodiment, as shown in FIG 3, the case of 
the deep drawing process of the metal plate 30 by pushing down the punch 34 has been 
explained, and the third embodiment is an embodiment of the deep drawing process of the 
metal plate 30 by applying a liquid pressure. It is characteristic of the configuration of the 
production method for a shell according to the third embodiment that the liquid pressure is 
used instead of the dice 32, and since the other configuration is substantially same as the 
configuration of the first embodiment, the same numerals are applied and the explanation is 
omitted. 
[0060] 

As shown in FIG. 9, a pressing member 58 for pressing and supporting the 
circumference of the metal plate 30 is provided in the circumference of the punch 34 (in the 
figure, the right and left sides). A liquid pressure vessel 60 is disposed at a position facing the 
punch 34 and the pressing member 58 via the metal plate 30. The opening upper surface of 
the liquid pressure vessel 60 is provided as the supporting surface 60A so as to clamp the 
metal plate 30 with respect to the pressing member 58 at the time of the deep drawing process. 
A liquid pressure chamber 60B of a substantially columnar shape is formed corresponding to 
the punch convex part 34A in the central part of the liquid pressure vessel 60. The inside of 
the liquid pressure chamber 60B is filled with a liquid L such as water and oil. A conduit 60C 
is formed in the bottom surface of the liquid pressure chamber 60B such that the conduit 60C 
is connected with a pump 62 outside the liquid pressure vessel 60. The pump 62 is for 
adjusting the liquid pressure of the liquid L. 
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[0061] 

At the time of the cylindrical deep drawing process of the metal plate 30, first, the 
metal plate 30 is placed on the supporting surface 60 A so that the circumference of the metal 
plate 30 is pressed and supported by the pressing member 58. Next, the punch 34 is lowered 
so as to push the metal plate 30 into the liquid pressure chamber 60B side. At the time, the 
liquid pressure of the liquid L in the liquid pressure chamber 60B is adjusted by the pump 62. 
Since the metal plate 30 is pressured on the outer circumferential surface of the punch 34 by 
the liquid pressure in the liquid pressure chamber 60B, it is shaped along the outer 
circumferential shape of the punch 34. Thereby, the metal plate 30 becomes a cylindrical 
member 36 without a joint as shown in FIG 5(A). The method for processing the shaped 
cylindrical member 36 to the shell 26 shown in FIG. 5(C) thereafter is same as that in the first 
embodiment or the second embodiment. 
[0062] 

According to the shaping method using a liquid pressure to one of the molds as the 
method of this embodiment (counter liquid pressure method) or the method of using the liquid 
pressure instead of the punch 34 as shown in FIG. 3, since the one of the molds is of a 
commonly used mold (a mold without the need of having the mold shape corresponding to the 
other mold), the mold can be simplified. Although the liquid pressure is applied directly to the 
metal plate 30 in this embodiment, the liquid pressure may be applied to the metal plate 30 via 
a rubber film, or the like. 
[0063] 

[Fourth embodiment] 

Next, the configuration of the pressure shaping device 134 for producing the shell 26 
of the supporting member 16 according to this embodiment will be explained. 
[0064] 

FIGS. 10 and 11 show an example of the pressure shaping device 134 according to 
an embodiment of the invention. The pressure shaping device 134 is for the hydro form 
shaping of the shell 26 of the supporting member 16 using the cylindrical member 36 
produced via the common process sis in the case of the first embodiment as the shaping 
material. 
[0065] 

As shown in FIG 10, the pressure shaping device 134 is provided with a shaping 
mold 138 formed thick cylindrically as a whole. The shaping mold 138 has structure split in 
two by a split mold 139 and a split mold 140 along the radial direction around the axis center 
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S such that one end parts of the split molds 139, 140 are interlocked via a hinge part 141. 
Thereby, the split molds 139, 140 comprising the shaping mold 138 can be separated and 
combined around the hinge part 141. Here, the split molds 139, 140 of the shaping mold 138 
are interlocked with a switching mechanism (not shown). The switching mechanism supports 
the split molds 139, 140 at the shaping position shown in FIG 10 at the time of the hydro 
form shaping, and it moves the split molds 139, 140 to the open position so as to be separated 
with each other at the time of taking out the shaped shell 26 from the shaping mold 138. 
[0066] 

As shown in FIG 11, the shaping mold 138 has the inner circumferential surface with 
a surface shape corresponding to the radial direction cross section of the shell 26 such that a 
concave pressure shaping part 142 corresponding to the cross sectional shape of the convex 
part 26A and the concave part 26B of the shell 26 is formed in the axial direction middle part 
in the inner circumferential surface. Moreover, the space on the inner circumferential side of 
the pressure shaping part 142 in the shaping mol 138 is provided as a hollow part 144 for 
having the cylindrical member 36 as the shaping material for the shell 26 inserted. 
[0067] 

According to this embodiment, the cylindrical member 36 is made of a metal 
material such as a high tension steel, a stainless steel and a ultra high tension steel into a thin 
cylindrical shape having a constant diameter corresponding to the maximum diameter of the 
shell 26. Specifically, the cylindrical member 36 is made of for example a high tension steel 
of a 50 Kgf7mm 2 or more tensile strength with the thickness of about 0.8 mm to 1.8 mm. As 
shown in FIG 11(A), the cylindrical member 36 is inserted into the hollow part 144 of the 
shaping mold 138 so that the outer circumferential surface thereof is set in a state closely 
contacted with the inner circumferential surface of the shaping mold 138. 
[0068] 

As shown in FIG. 11 A, the pressure shaping device 134 has a fixed base 146 
disposed below the shaping mold 138 such that a fixed plunger 148 is projected from the 
upper surface part of the fixed base 146, The fixed plunger 148 has the outer diameter slightly 
smaller than the inner diameter of the cylindrical member 36. At the time of starting the hydro 
form shaping, as shown in FIG 11(A), the shaping mold 138 is placed on the upper surface 
part of the fixed base 146. The fixed plunger 148 is fitted on the inner circumferential side of 
the cylindrical member 36 inserted in the hollow part 144. 
[0069] 

As shown in FIG. 11(A), in the pressure shaping device 134, an elevating base 150 
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movable along the height direction by a device frame part (not shown) is disposed above the 
shaping mold 138 such that the elevating base 150 is interlocked with a hydraulic cylinder 
(not shown) operating in the height direction. A pressure plunger 152 formed cylindrically is 
projected from the lower surface part of the elevating base 150. The outer diameter of the 
pressure plunger 152 is provided slightly smaller than the inner diameter of the hollow part 
144. A bag member 154 filled with a liquid L in the inside is mounted on the top end face of 
the pressure plunger 152. The bag member 154 has the outer shell shape thereof formed 
substantially like a cup opened upward such that the opening end part (upper end part) thereof 
fixed on the top end face of the pressure plunger 152 along the entire circumference so as to 
be sealed closely from the outside by the top end face of the pressure plunger 1 52. 
[0070] 

Here, the bag member 154 is formed with a membrane material made of a vulcanized 
rubber such as NR, NBR, BR, IR, HR, NOR, and EPDM as the material so as to have the 
sufficient elasticity and stretchability. Moreover, as the liquid L, various kinds of liquids such 
as water and oil can be used, and one having a low affinity with respect to the vulcanized 
rubber comprising the bag member 154 can be selected. The bag member 154 has the shape 
and the size set such that the outer diameter thereof is smaller than the inner diameter of the 
cylindrical member 36 in a state filled with the liquid L so as to be elastically deformed by the 
static pressure and the gravity as well as the volume is larger than the content volume of the 
cylindrical member 36 by a predetermined amount or more. Specifically, the difference of the 
volume of the bag member 154 and the content volume of the cylindrical member 36 is set 
according to the size of the bulge pressure at the time of the hydro form shaping to be 
described later. The material of the bag member 154 may be one other than the vulcanized 
rubber as long as it has the sufficient elasticity and the stretchability. For example, a urethane 
elastomer can be used. Moreover, the bag member 154 may have plural kinds of the materials 
laminated along the thickness direction. 
[0071] 

(Operation and function of the pressure shaping device) 

The operation and the function of the pressure shaping device 134 according to this 
embodiment having the above-mentioned configuration will be explained. 
[0072] 

At the time of shaping the shell 26 out of the cylindrical member 36, the operator 
binds the split molds 139, 140 of the shaping mold 138 at the shaping position by the 
switching mechanism as well as sets the cylindrical member 36 in the hollow part 144 of the 
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shaping mold 138 so as to complete the shaping preparation of the shell 26. After completing 
the shaping preparation, the pressure shaping device 134 lowers the elevating base 50 at the 
waiting position shown in FIG. 11 (A) by the hydraulic cylinder so as to insert the bag 
member 154 mounted on the pressure plunger 152 on the inner circumferential side of the 
cylindrical member 36 in the hollow part 144. Thereby, the bag member 154 filled with the 
liquid L is in a stage clamped between the fixed plunger 148 and the pressure plunger 152 in 
the cylindrical member 36. 

After inserting the bag member 154 into the cylindrical member 36, the pressure 
shaping device 134 further lowers the pressure plunger 152 by the hydraulic cylinder so as to 
compress the liquid L in the bag member 154 by the pressure plunger 152 for raising the 
liquid pressure of the liquid L. The pressured liquid L elastically deforms the bag member 154 
so as to expand to the outer circumferential side according to the liquid pressure rise and 
presses evenly the outer circumferential surface part of the bag member 154 on the inner 
circumferential surface of the cylindrical member 36 as well as applying the liquid pressure to 
the cylindrical member 36 via the bag member 154. 
[0073] 

The pressure shaping device 134 lowers the pressure cylinder to the pressure position 
to have the liquid pressure in the bag member 154 becomes a predetermined bulge pressure P 
by the hydraulic cylinder (see FIG 11(B)). The bulge pressure P from the liquid L is applied 
to the cylindrical member 36 via the bag member 154 so that the cylindrical member 36 with 
the bulge pressure P applied is deformed plastically so as to have the axial direction middle 
part facing the pressure shaping part 142 expand to the outer circumferential side for closely 
contacting to the inner surface of the pressure shaping part 142 without a gap. Thereby, the 
shape of the pressure shaping part 142 is transferred to the cylindrical member 36 in the axial 
direction middle part so that a pair of the convex part 26A and the concave part 26B are 
formed each continuously. By each forming the convex parts 26A and the concave part 26B 
continuously in the cylindrical member 36, the cylindrical member 36 is shaped as the shell 
26 as shown in FIG 5(A) (hydro form shaping). 
[0074] 

After supporting the pressure plunger 152 at the pressure position for a certain time 
by the hydraulic cylinder, the pressure shaping device 134 returns the pressure plunger 152 to 
the waiting position shown in FIG ll(A).Then, the pressure shaping device 134 moves the 
split molds 139, 140 to the open position by the switching mechanism so as to open the 
shaping mold 138. By moving the split molds 139, 140 to the open position, the shaped shell 
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26 can be taken out. 
[0075] 

The appropriate value of the bulge pressure P (Kgfftnm 2 ) will be explained, which is 
applied on the cylindrical member 36 via the bag member 154 in the shaping process for the 
shell 26 mentioned above. The thickness of the cylindrical member 36 is T (mm), the tensile 
strength of the high tension steel comprising the cylindrical member is S (Kgffmm 2 ), and the 
constant for determining the bulge pressure P is K (K is a positive real number), the 
appropriate value of the bulge pressure P can be calculated by the below-mentioned formula 
(1) in the shaping process: 

P = K * S x T . . . Formula (1). 

[0076] 

The constant K can be selected in a range of 1.5 to 20. It is preferable to select the 
constant K in a range of 2.0 to 15, and farther preferably in a range of 2.0 to 10. By selecting 
optionally the constant K in the above-mentioned range even in the case the metal for the 
shell 26 is a metal other than the high tension steel, such as a stainless steel and a ultra high 
tension steel, the appropriate value of the bulge pressure P can be calculated based on the 
formula (1). 
[0077] 

In the case the constant K is set at a value less than 1.5, the bulge pressure P in the 
shaping process is insufficient so that the plastic deformation of the cylindrical member 36 for 
accurately following the shape of the pressure shaping part 142 can be difficult, and thus the 
shell 26 shaped form the cylindrical member 36 cannot be produced stably by a 
predetermined size accuracy. Moreover, accompanied by the size accuracy decline of the shell 
26, the shape strengthening function of the convex part 26A and the concave part 26B is 
lowered so that the strength along the shell 26 radial direction or the twisting direction may be 
insufficient. 
[0078] 

On the other hand, in the case the constant K is set at a value larger than 20, the 
bulge pressure P in the shaping process is excessive so that a large internal distortion may be 
generated in the shell 26 shaped out of the cylindrical member 36. 
[0079] 

Moreover, since a pressure shaping device 134 having a pressuring ability higher 
than the set value of the bulge pressure P needs to be installed on the production line of the 
shell 26, if the bulge pressure is set at an excessively large value, the scale of the pressure 
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shaping device 134 becomes excessively large so as to raise the installation cost of the 
pressure shaping device 134 for causing the production cost increase of the shell 26. From this 
viewpoint, it is preferable to set the constant K at a value as small as possible within a range 
not to pose the adverse effect to the quality of the shell 26. 
[0080] 

According to the pressure shaping device 134 according to this embodiment, the 
cylindrical member 36 can be deformed elastically to conform to the pressure shaping part 
142 in the shaping mold 138 without contacting the liquid L with the cylindrical member 36 
for the shell 26. This is caused by filling the inside of the bag member 154 with the liquid L, 
which is made of a membrane material having the elasticity and the stretchability, inserting 
the bag member 154 on the inner circumferential side of the cylindrical member 36 in the 
hollow part 144 of the shaping mold 138, and applying a predetermined bulge pressure to the 
cylindrical member 36 via the bag member 154 while expanding the bag member 154 to the 
outer circumferential side by pressuring the liquid L in the bag member 154 by the pressure 
plunger 154. The work for removing the liquid L from the shell 26 shaped out of the 
cylindrical member 36 can be eliminated. 
[0081] 

As a result, since the adhesion of the liquid L to the shell 26 shaped out of the 
cylindrical member 36 can be prevented completely, generation of the rust or the chemical 
change on the shell 26 surface by the influence of the adhered liquid L can be prevented. 
[0082] 

Moreover, according to the pressure shaping device 134 of this embodiment, since 
the liquid L is sealed in the bag member 154, compared with the pressure shaping device with 
the inside of the shaping mold directly filled with the liquid (see for example FIG 6), the 
sealing member for preventing the liquid L leakage form the hollow part 144 can be 
eliminated. Accordingly, the parts change accompanied by the sealing member deterioration 
can be eliminated. Furthermore, a supporting ring 27 (see FIG 12(B)) made of a punching 
metal with a large number of through holes 27 A or a supporting ring having a pair of cut ends 
made of a band like metal plate with an end can be shaped. 
[0083] 

Moreover, in the pressure shaping device 134 of this embodiment, in the case a high 
strength metal material such as a high tension steel, a stainless steel and a ultra high tension 
steel is used for the cylindrical member 36, by controlling the bulge pressure P to be applied 
to the cylindrical member 36 to the calculation value of (K x s * T), the cylindrical member 
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36 can be deformed plastically so as to accurately follow the shape of the pressure shaping 
pari 142 in the shaping mold 138 so that the shell 26 having the desired size accuracy and 
mechanical performance can be produced stably as well as the mechanical characteristics 
decline by the generation of the excessive distortion of the shell 26 can be prevented. 
Moreover, since the pressure shaping device 134 having an appropriate output can be selected 
adequately for the hydro form shaping of the shell 26, the production cost increase of the shell 
26 can be restrained effectively. 
[0084] 

Moreover, according to the pressure shaping device 134 according to this 
embodiment, although the pressuring part inserting the pressure plunger 1 52 into the hollow 
part 144 by the hydraulic cylinder is used for pressuring the liquid L in the bag member 154. 
In addition to that, for example, preliminarily inserting the bag member 154 into the hollow 
pax t )44 and supplying the liquid L pressured by a high pressure pump, or the like may be 
employed as well. By measuring the liquid pressure of the liquid L in the bag member 154 
with a pressure sensor and carrying out the feed back control of the liquid pressure based on 
the measurement result, the liquid pressure in the bag member 154 can be controlled 
accurately to the calculation value of (K x S * T). 
EXAMPLE 1 
[0085] 

(First comparison test) 

For confirming the shell production efficiency by the production method of the 
present embodiments, the comparison test of the examples and the comparative examples 
shown below was carried out. 
[0086] 

As the material for the shells to be produced in the examples and the comparative 
examples, a 2.3 mm plate thickness aluminum alloy (JIS alloy number 606 1-0 material) was 
used. 
[0087] 

According to the production of the shell of the examples, the material was shaped to 
the cylindrical member 36 shown in FIG 5(A) using the method of the third embodiment with 
the height H of the cylindrical member 36 of 200 mm and the inner diameter S of the 
cylindrical member 36 of 450 mm. After obtaining a pipe shaped cylindrical member 36 of 
FIG. 5(B) by cutting the opening part 36D side (upper part in the figure) and the bottom plate 
part 36B side (lower part in the figure) of the cylindrical member 36 with a laser cutter, the 
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two convex parts 26 A, 26 A (2 mountain shape) shown in FIG 5(C) were shaped by the 
spatula shaping process and the T6 heat treatment was applied so as to obtain the shell 26. 
[0088] 

On the other hand, according to the production of the shell of the comparative 
example, as shown in FIG 13(A), a cylindrical member 70 was formed by applying the 
bending process to the material into a ring and bonding the both end parts 70A, 70B in the 
longitudinal direction with each other by the TIG welding. Thereafter, as shown in FIG 13(B), 
by the spatula drawing process, it was shaped into the same shape as in the example and the 
T6 heat treatment was applied so as to obtain the shell 72. 
[0089] 

Here, according to the comparison of the production time per one piece of the shell 
26 (see FIG 5(C))of the example and the production time per one piece of the shell 72 (see 
FIG 13(B)) of the comparative example, the production time per one piece can be shortened 
in the example compared with the comparative example. 
[0090] 

In the first and second embodiments, the shape and the size of the metal plate 30 may 
be determined so as to have the flange part 36C after the deep drawing process to the 
minimum level. 
[0091] 

Moreover, shaping of the cylindrical member 36 by the deep drawing process in the 
embodiments may be so-called large number taking. In the case the cylindrical member 36 
can be taken by a large number in the production stage of the shell 26, the production time per 
one piece can further be shortened. 
[0092] 

Furthermore, although the shell 26 comprising the two convex parts 26A, 26A is 
formed in the embodiment, the shape of the shell 26 to be shaped is not limited thereto, and it 
may be a shape comprising a projecting part with the axial direction middle part projecting to 
the outside in the radial direction. 
(Second comparison test) 

The shell with the hydro form shaping using the pressure shaping device 134 
according to the embodiment shown in FIGS. 10 and 1 1 as the example Al, the shell with the 
hydro form shaping using the pressure shaping device of directly applying the bulge pressure 
P by the liquid L (see FIG 6) as the example A2 and moreover, the shell with the rubber bulge 
shaping using the conventional pressure shaping device of applying the bulge pressure P with 
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a rubber bulge as an elastic member without sealing a liquid in the inside as the comparative 
example A3, the examination results of the shell sizes shaped by the pressure shaping devices 
are each shown in the following (table 1). As to the bulge pressure of each pressure shaping 
device, the value calculated by the formula (1) with the constant K each selected optionally in 
a range of 2.0 or more and 20 or less was used. In the size examination, the size of each part 
of the shell was measured so that those having difference of =fc5% or less of the measurement 
size with respect to the design size were passed and those having difference of more than ±5% 
were not passed. 
[0093] 



[Table 1] 





Example Al (hydro 
form shaping) 


Example A2 (hydro 
form shaping) 


Comparative example 
A3 (rubber bulge 
shaping) 


Presence of absence 
of the drying process 


Absent 


Present 


Absent 


Number of shaping 
(pieces) 


10 


10 


10 


Number of the size 
examination passed 
(pieces) 


10 


10 


0 



[0094] 

As it is apparent from the (table 1), according to the shells with the hydro form 
shaping of the example Al and the example A2, the total number (10 pieces) has passed the 
size examination, however, according to the shells according to the comparative example A3 
with the rubber bulge shaping, the total number (10 pieces) has not passed the size 
examination. However, as to the shells according to the example A2, compared with the shells 
according to the example Al and the comparative example A3, since the problem in terms of 
the quality such as the rust generation is generated if they are left after completing the shaping, 
the liquid L should be removed from the shell surface by drying, washing, or the like. 
[0095] 

(Third comparison test) 

The shells with the hydro form shaping with the constant K selected in a range of 1.5 
to 20 and the bulge pressure P controlled to the calculation value of the formula (1) using the 
pressure shaping device 134 as the examples Bl to B6, and the shells with the hydro form 
shaping with the constant K selected in a range of less than 2.0 or more than 20.0 and the 
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bulge pressure P controlled to the calculation value of the formula (1) using the pressure 
shaping device 134 as the comparative examples B7 to BIO, the evaluation results of the size 
accuracy and the compression strength of the shells 26 are each shown in the following (table 
2). As to the evaluation result of the size accuracy, in the case the size error with respect to the 
design value is less than 2%, the mark "®'\ in the case the size error with respect to the 
design value is less than 5%, the mark "O", in the case the size error with respect to the 
design value is 5% or more and less than 10%, the mark "A", and in the case the size error 
with respect to the design value is more than 10%, the mark "X" are shown respectively. 
Moreover, as to the evaluation result of the compression strength, in the case the compression 
strength of 90% or more and 100% or less with respect to the maximum strength in the 
examples Bl to B6 is shown, the mark "©", in the case the compression strength of 80% or 
more and 90% or less is shown, the mark in the case the compression strength of 60% 
or more and 80% or less is shown, the mark "A", and in the case the compression strength of 
60% or less is shown, the mark "X" are shown respectively. 
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[0096] 
[Table 2] 





Example 
Bl 


Exump 
JeB2 


Example 
B3 


Kxample 
B4 


Example 
BS 


Example 
B6 


Compar 
ative 
Example 
B7 


Compar 
ative 
Example 
Bx 


Compar 
ative 
Example 
B9 


Compar 
ative 
Example 
B10 


Tensile 
strength 

(Kgt/ 

mm 2 ) 


60 


60 


60 


60 


60 


80 


60 


60 


60 


80 


Thickne 
ss(mm) 


1.0 


1.0 


1.0 


1.0 


1.0 


1.4 


1.0 


1.0 


1.0 


1.4 


Bulge 
pressure 

(Kgff 
mm 2 ) 


90 


300 


500 


1000 


1200 


500 


60 


80 


1400 


100 


Constant 
K 


1.5 


5.0 


8.3 


16.7 


20.0 


4.5 


1.0 


1.3 


23.3 


1.0 


Size 

uceuracy 


O 


® 


© 


O 


O 


® 


X 


A 


O 


X 


Compre 

ssion 

strength 


o 


® 


® 


O 


O 


© 


X 


A 


A 


X 



[0097] 

As it is apparent from the above-mentioned (table 2), the examples B2, B3 and B6 in 
which the constant K was selected at 5.0 and 8.3 in a range of 2.0 to 10 and the bulge pressure 
P was controlled to the calculation value of the formula (1) , the evaluation of both the size 
accuracy and the compression strength was for the shells 26. 
[0098] 

Moreover, according to the shell 26 of the example Bl with the constant K selected 
at 1.5 in a range of 1.5 to 2.0, and according to the shells 26 of the examples B4 and B5 with 
the constant K selected at 16,7 and 20.0 in a range of more than 10 and 20 or less, the 
evaluation of both the size accuracy and the compression strength was "O". 
[0099] 

On the other hand, according to the shells 26 of the comparative examples B7 to B10 
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with the constant K selected in a range of more than 20.0 and the bulge pressure P controlled 
to the calculation value of the formula (1), no one had the evaluation "O" of both the size 
accuracy and the compression strength. 



